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Abstract
Hanchinamane Ramakrishna, Anoop. M.S.C.E., Department of Computer Science
and Engineering, Wright State University, 2010. Design and Development of a Wireless Data Acquisition System for Fall Detection.
With the mortality rate of the elderly on the rise due to fall related incidents, fall
detection has become an important entity in the geriatric health care sector. The
study conducted in this thesis involved the design and development of a Wireless
Data Acquisition System (WDAS) with Bluetooth capabilities interfaced to pulse
width modulated gyroscopic sensors. Each sensor used has a reference output pulse
width which changes when rotated about its sensitive axis.
Part of the effort involves the design and development of two versions of printed
circuit boards for the application. Each board includes a Parallax Propeller microcontroller in a TQFP (thin quad flat pack) package, power regulator circuitry, and
voltage shifting circuitry. The first version can interface with a single sensor and the
second one has a three sensor interfacing capability. The software development effort
includes designing the firmware for the microcontroller and developing a graphical
user interface on Matlab to display and save sensor data sent through Bluetooth.
The working of the system was tested with human subjects. The sensor outputs were
obtained for induced falls in the coronal and the sagittal planes. Observations based
on the subject testing data are summarized.
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1

Introduction

This study is a part of an effort to develop a fall detection device that is aimed at the
geriatric health care sector. Designing a prototype system with sensor interfacing and
wireless capabilities was the initial goal of the project. The system was later enhanced
to handle multiple sensors. The prototype development was followed by testing the
devices on human subjects. The tests included induced falls in the sagittal and
coronal planes. The data collected from the tests were analyzed. This encompasses
the study conducted on developing and testing the Wireless Data Acquisition System.
Explained in the following two sections are different experimental studies that have
been conducted to perform gait analysis using different sensor modules used. The
last section summarizes some relevant commercial products.

1.1

Gait Analysis and Falls in the Elderly

Falls are the leading cause of accidental death for people whose age is over 75 years
[1]. One third of the elderly above 65 years are fall prone and experience at least
one fall per year, while for elders above 80 years, the proportion increases to one
half [1] leading to a major source of morbidity and mortality among elders. With
increased life expectancy of the elderly and active lifestyles, emphasis in geriatric
research is focusing on techniques to predict gait pattern variations prior to a fall [1]
and identifying diagnostic measures that act as reliable predictors for fall in elderly.
Interventions aimed at reducing fall and risk are being clinically tested with varying
degrees of success [2].
In a review article by Prince F. et al. [1], it is mentioned that “dynamic walking balance is achieved by integrating sensory input from the visual, vestibular and
proprioceptive systems with adequate muscle strength, appropriate neuromuscular

2
timing and free passive joint mobility”. With normal aging, the degeneration of one
of the above mentioned sensory systems affects the gait in an elderly person. The
author gives an account of neurological and physiological changes with aging, and
changes in gait pattern represented using spatial- temporal, kinematics, kinetics and
EMG data. It is reported that effective locomotion of a subject should possess an
integrated nervous system with sufficient motor drive and adequate feedback signals
but with aging there is loss of sensory as well as motor units which leads to the
deterioration of the gait of an elderly individual. It is similar also in the case of
muscle strength. With aging there is a decrease in the muscle strength due to the loss
of motor neurons, muscle fibers and aerobic capacity of the muscles. Waters et al.
[6] have provided standard tables for energy consumption during walking in a wide
range of ages and gait capacities, concluding that the elderly consume more oxygen
for a given distance compared to the young even though they walk slower than the
young. Other age related changes mentioned include the joints and the periarticular
connective tissue (PCT) whose extensibility affects the joints range of motion. Extensive joint wear may also cause incongruities on the bone surfaces which may lead to
reduced rotation about the joints. The kinematic changes related to aging were determined by using electro-goniometers and external markers attached on landmarks that
helped calculate angle and range of motion. The kinematics changes in the elderly
included a slight flexion (Figure 1) in knee angle during walking, compared to a complete extension (Figure 1) in the case of a young subject. Higher hip acceleration was
recorded for the young compared to the elderly. Data collected from subject tests on
force platforms showed push off is lower in the elderly compared to the young, hence
determining the variability of the kinetic changes with aging.
A study conducted by Potter J. M. et al. [3] used an accelerometer output to
establish the relationship between gait speed and functional independence in elderly
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Figure 1: Knee flexion and extension.
people. The study indicated a correlation between the range of gait speeds and the
independence of activities of daily living (ADL). Several subjects were tested for their
gait speed using an ultrasonic portable timer. Each patient was grouped into a gait
speed category. A bar graph of gait speed vs. percentage was plotted, signifying
the percentage of the individuals in a particular gait speed category. Keeping with
Friedman and colleagues [4] who found a relation between gait speed and readiness
to be discharged from a hospital, A. J. Potter et al. showed that there was significant correlation between a range of gait speeds and independence in ADL functions.
The study implied that gait speed alone could not determine the outcome or reflect
independence in elderly patients undergoing rehabilitation [3]. It was also mentioned
that variable gait speed can also be present due to specific problems such as dementia
and problems with the upper limb.
Hausdorff J.M. et al. [2] tested the hypothesis that increased gait variability
predicts falls among community living older adults attending an outpatient clinic and
examined the correlates of gait variability in this population. In his study he and his
collaborators used force sensitive insoles that measured the gait rhythm on a stride
to stride basis. Factors other than gait variability that have been associated with
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falls such as mental health status, self rated quality of life, functional status, muscle
strength, balance and gait were also included in the evaluation. The outcome of
the evaluation indicated a significant increase in the gait variability of the subjects
who fell. Other than gait variability no other factor portrayed trends that could
predict falls, since they did not differ significantly between fallers and non fallers. The
author also pointed out that gait time was related to neuropsychological functions,
vitality and mental status, and can be viewed as a final integrated output of the
locomotor system. The dependence of gait variability on a host of physiological and
neuropsychological factors makes it a predictive measure to detect future falls or gait
instability. Finally it was suggested by the author that increased gait variability was
not an inevitable part of the aging process and previous findings support the idea
that gait variability reflects the underlying disease processes rather than age related
changes.

1.2

Different Sensors used in Gait Analysis and Fall detection devices

Sensors used in gait studies are primarily used to capture angular movements of a
subject, acceleration of body parts and pressure variations in the foot. Since this
study includes sensors that are mounted on human subjects, it is important to cite
information about sensors that have been used in prior studies. This section gives
a brief explanation of the working of each of the various sensors and how they have
been utilized in experimental studies.

1.2.1

Goniometry and Electro-Goniometers

A goniometer as shown in Figure 2 is an instrument that either measures angle or
allows an object to be rotated to a precise angular position [7]. An electro-goniometer
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Figure 2: A Goniometer used to measure knee angle [9]
measures the flexibility over the joints in a human being [7]. Protractors being used in
traditional goniometers have presently been replaced by a potentiometer positioned
over the center of rotation of the joint being monitored. Gogia P. P. et al. [10]
and Grohmann J. E. E [11] used traditional goniometers to evaluate the inter-tester
reliability of goniometric measurements at the knee and differences between lateral
and over the joint method to measure flexibility of the elbow joint. The output of the
goniometer changes with rotation about the joint on which it is loaded [8]. There have
been various studies investigating the reliability of the goniometer output, difference
in goniometer output when loaded on different parts of the joint and validity of the
measurements taken from the goniometer.
Kumar N. et al. [9] used a potentiometer based elector-goniometer to measure
knee angle of normal healthy individuals. The author evaluated the spatio temporal
parameters of normal walk using an electro-goniometer. Healthy individuals were
made to undergo five walking tasks at different speeds. An electro-goniometer was
loaded on the knee joint. The results showed variation of the knee flexion angle
with respect to walking speed. The authors also analyzed walking patterns with
and without footwear. In a study to investigate the restriction of foot supination in
different shoe orthotic combinations, an electro-goniometer was used to measure the
change in angle and angular velocity [12].
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Figure 3: Electro-Goniometers [2]
1.2.2

Accelerometers

An accelerometer is a device that measures the acceleration experienced relative to
free fall. Commercially accelerometers are widely used to measure vibration and
acceleration in vehicles, evaluation of both the engine/drive train and the braking
system in vehicles and are also used extensively in biological sciences to discriminate
behavioral patterns of animals. Presently many researchers have been employing
accelerometers to evaluate gait of a subject. Efforts have also been made to develop
a subject recognition system based on accelerometer outputs.
In an effort to evaluate the fall, Lindemann U. et al. [23] placed accelerometers
on the head and developed an algorithm that could distinguish between activities of
daily living and simulated falls. The accelerometers were integrated into a hearing
aid housing fixed behind the ear. Tests were conducted to investigate acceleration
patterns of the head of a young subject for simulated falls. The head was chosen over
the hip and the trunk for positioning the sensor because it showed maximum spatial
movement. Data were also recorded for five maneuvers that included sitting down on
a chair, walking, running and climbing a stair.
Based on the accelerometer outputs trigger thresholds were identified so that a
fall could be recognized. The results demonstrated high sensitivity and specificity of
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the algorithm developed. Further development included the investigation of real falls,
telemetry and the investigation into the possibility of manual initiation and negation
of an alarm.
Mayagoitia R. E. et al. [23] presents a study where a triaxial accelerometer based
system was developed for determining the ability to maintain balance while standing.
Tests were performed on subjects with an accelerometer belt placed around the waist
in level with the widest part of the hips and at the center of the back of the subject.
The subjects were directed to stand on the force platform with their hands hanging
from the side. The perimeter of the foot was traced so that the subject could return to
it for repeated tests. The subject was directed to look at a poster 1.5 m directly ahead,
when doing so data from the force platform and the accelerometer were recorded.
Tests were conducted for eyes open and eyes closed. Five performance characters
calculated included the mean speed, mean radius, mean frequency, displacement in the
anterior and posterior direction and the displacement in the medial lateral direction.
Plotted output data showed that the force platform output and the accelerometer
output increased and decreased with respect to the changes in the test conditions.
The results mentioned that the values of the parameters resulting from the force
platform and accelerometer data were not directly related due to difference in their
working principles.
Kavanagh J. J. et al. [24], conducted a study to determine the inter and the intraexaminer reliability, and stride to stride reliability of an accelerometer-based gait
analysis system which measured 3D accelerations of the upper and lower body during
self-selected slow, preferred and fast walking speeds. Eight subjects attended two testing sessions in which accelerometers were attached to the head, neck, trunk and right
shank. Reliability for each testing condition was quantified by a waveform similarity
statistic known as the coefficient of multiple determination (CMD). The tests included
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the subjects performing five straight line walking trials at a self selected slow, normal
and fast walking speed condition. For inter-examiner comparisons, walking protocols
were repeated after the accelerometers were reattached by a different examiner. In
intra examiner comparisons, one examiner from the initial testing session repeated the
test in another session conducted within 24 hours. Four custom designed lightweight
accelerometer nodes were attached to each subject to measure 3D accelerations during walking [24]. Each node consisted of two biaxial accelerometers perpendicular
to each other mounted on a printed circuit board. The sensor nodes were mounted
over the occipital pole of the head with a firm fitting headband, the neck, the trunk
and the right shank. Each accelerometer node was connected to a processor box that
was fixed on the subjects waist. The data collected from the accelerometers was corrected for tilt and repeatability was assessed by calculating CMD. Two way analysis
of variance (ANOVA) was used to determine whether gait velocity differed between
walking speed condition. The results indicated that under test and retest conditions,
patterns of gait-related 3D accelerations obtained from the head, neck, trunk and
shank were highly repeatable. Intra and inter-examiner CMDs and systematic errors were not different, indicating that the pattern of accelerations was influenced
whether the accelerometers were attached by the same or different examiners in the
retest. Overall the results indicated that experienced examiners were equally able to
replicate the location and orientation of the accelerometers from initial test to retest,
independent of whether the retest was conducted by the same or different examiner.
The hypothesis that stride to stride reliability would be higher than inter or intraexaminer reliability due to errors associated with reapplication of accelerometers was
proven wrong. The results showed that the inter and intra-examiner reliability was
comparable with stride to stride reliability reinforced the authors conclusion that the
errors associated with the reapplication of accelerometers by the same or different
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examiners were minimal. Reliability of head, neck and trunk accelerations were also
high across all conditions, reflecting the stride-to-stride consistency associated with
upper body motion when performing undisturbed straight line walking.

1.2.3

Gyroscopes

Piezoelectric gyroscopes are the most common type of gyroscopes being used in the
industry today. Piezoelectric gyroscopes are being used in applications involving
guidance, stabilization (in aerospace), to detect instability in cars, gait analysis systems, etc. In the biomedical spectrum gyroscopes along with accelerometers have
been extensively used in gait analysis systems to evaluate the cadence, stride length,
walking velocity, spatio and temporal parameters of gait, etc. Researchers have integrated motion analysis systems with gyroscopes establishing a correlation between the
gyroscope output and the angular velocity of the gyroscope as captured on the motion analysis system. Systems with gyroscopes, accelerometers, force resistive sensors
along with motion analysis systems have been used to determine the spatio temporal
characteristics of a gait.
In 1997 Miyazaki developed one of the first systems using piezoelectric gyroscopes
to measure walking velocity and stride length [17]. It was tested in seven patients
with ankle or knee prosthesis and ten hemiplegic patients. Tong and Granat used a
strap attached uniaxial gyroscopes on subjects thighs and lower legs [18]. Two walking
trials were conducted, one having a straight path and the other having a straight path
with an 180 ◦ turn that returned to the starting point. The measurements from the
gyroscopes and the motion analysis systems were correlated but the measurements
obtained from the integration of raw data from the joint angles were distorted due to
drifts. Subject turning caused drifts in the gyroscope signal. This was eliminated by
using a fourth order Butterworth filter.
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In further evaluation of the accuracy of using a gyroscope as a measuring tool,
Lee et al. [19] examined the reliability of measuring the lumbar spine motion using a
three dimensional gyroscope system. Subjects were instrumented with two solid state
inertial sensors using a Velcro strap. Each sensor was comprised of three orthogonally
aligned gyroscopes and solid state gradiometers and magnetometers, which provided
information used to eliminate drift. For the experiments the subject stood with feet
shoulder-width apart and palms facing inward to form the zero reference position after
which subjects performed flexion, extension, left lateral bend, right lateral bend, left
axial rotation and right axial rotation.
Aminian K. et al. in his study described an ambulatory system for estimation of spatio-temporal parameters during long periods of walking. The authors
used miniature piezoelectric gyroscopes to monitor lower limb movement and foot
switches/pressure sensors to measure the temporal parameters. Many researchers
prefer conducting gait analysis with both gyroscopes as well as foot switches, since
the later has been used as a criterion standard to detect gait events and validate the
gyroscopes measuring method. Measurements were made using the gyroscopes and
force sensitive resistors (FSR) for walking trials performed on the treadmill and on
the ground. Wavelet analysis was used to determine the temporal parameters such as
duration of swing, single and double stances during a gait cycle. The results showed
a high correlation between the foot pressure sensors and actual gait events allowing
the authors to propose a new algorithm based in wavelet transformation to detect
toe off and heel strike. The system used to analyze gait compares favorably with
other methods used which require more complex instrumentation and a laboratory
setting. The use of miniature gyroscopes in the setup not only helped in making the
systems portable but also eliminated the requirement of a laboratory setup for data
acquisition hence making data acquisition possible for activities of daily living.
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1.2.4

Force Resistive Sensors/Force Transducers/Pressure Sensors

A transducer is a device that converts one type of energy to another [13]. The working
concept of a transducer can be applied to different electrical components in order to
customize the design of the sensor. Researchers have developed capacitive, strain
gauges, force sensitive resistors, etc. in order to determine the gait characteristic of
a subject. Some researchers have gone one step ahead in their research, interfacing
sensor system to shoes worn by subjects [14], developing force measuring treadmills
and floor sensor system [15] to record ground reaction forces [16].
Middleton L. et al. [15] developed a prototype floor sensor as a gait recognition
system. The floor sensor consisted of 1536 individual sensors arranged in a 3.0m by
0.5m rectangular strip with an individual sensor area of 3cm2 . Initially the author
used 3 different designs; capacitive, coaxial cable based delay line, resistive sensors
for the sensor mat.
The capacitive and the resistive sensors were no longer used due to the errors
associated with their design. The final design of the force mat consisted of electrically
isolated grids of coaxial cables. The sensor mat operated on the principle of time
domain reflectometry, where a pulse transmitted down a cable was reflected back from
the point where pressure was applied. The size of the reflected pulse was inversely
proportional to the force applied on the cable. Walking tests were conducted on
subjects to examine stride length, stride cadence and heel to toe ratio. Their work
introduced a new measure of gait, the heel to toe ratio.
In another study Dierick F. et al. [16] presented the development and testing of
an instrumented treadmill device measuring the ground reaction forces (GRF) and
the feasibility of using a force measuring treadmill in clinical gait analysis. The study
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was conducted to determine the FMT (force measuring treadmill) technical features,
to validate the kinematic and kinetic variables computed from the FMT force in
healthy subjects and to show the feasibility of using the FMT in clinical analysis.
In order to compute the net ankle moments and the net kinematics and mechanics
of subjects, the GRFs and segmental kinematics were recorded while the subjects
walked on the FMT. The kinematics was measured with an optoelectronic system,
which contained six infrared cameras determining the 3D coordinates of 19 markers
placed on specific landmarks on the subjects. The preliminary tests indicated that
the quality of force measurements seemed sufficient for appropriate interpretation of
GRFs in pathological gait. The FMT method of gait analysis has its advantages
over the conventional floor mounted force platforms. It allows a decrease in the data
collection time and the space required, and to record GRFs at constant gait speeds.
Moreover it allows recording the GRFs, the kinematics, EMG, and rate of oxygen
consumption simultaneously.
Bamberg S. J. M. et al. [14], developed a wireless wearable system that was used
to provide quantitative gait analysis outside the confines of a motion laboratory. The
“Gait shoe” was built to be worn in any shoe, without interfering with gait and was
designed to collect data unobtrusively. The shoe was highly capable of detecting
heel-strike and toe-off, as well as estimating foot orientation and position. The application used two dual axis accelerometers, MEMS (micro electromechanical system)
based analog devices ADXL202E and two types of gyroscopes: MEMS-based Analog
devices ADXRS150, and the vibrating-reed-based Murata ENC 03J. To measure timing parameters and pressure distribution FSRs and polyvinylidene fluoride (PVDF)
strips were placed under the foot. Resistive bend sensors were used to analyze the
flexion during gait. The system comprised a base station and two in-shoe modules.
Each of the modules consisted of an instrumented insole placed beneath the foot and
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an attachment that mounted on the back of the shoe. Volunteers were recruited for
the validation of gait shoe system. Testing involved placing the system in the subjects own walking shoes and recording simultaneous evaluation of gait. The results
obtained showed that the use of four force resistive sensors did not provide a full
picture of the force distribution beneath the foot. It gave a general picture of medial
versus lateral force and heel versus metatarsal force. This was used in determining
stance time as well as heel-strike and toe-off timing. The kinematic analysis of the
foot motion using the accelerometers resulted in reasonable estimations of the pitch
and the stride length. The results indicated that the gait shoe promises to be an important research tool, capable of enabling the analysis of gait in untraditional ways,
over long periods and in a home environment, through the use of a multi sensor system. Additional research has involved the application of standard pattern recognition
techniques to discriminate between healthy gait and Parkinsonian gait, as well as to
discriminate between individuals.

1.3

Relevant Commercial Products

This section identifies some relevant commercial products, including Bluetooth demonstration boards and fall detection/intervention modules.

1.3.1

Bluetooth Demonstration Board

There are very few commercial products similar to the Wireless data acquisition
board. Companies such as Intel, Analog Devices, National Semiconductors manufacture Bluetooth demonstration boards that are designed to perform various operations.
These boards have no constraints on size and have extra hardware components that
would not be needed for our application.
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Some of the demonstration boards present in the market are listed below.
1. National semiconductors:

• LMX9838: Fully Verified Bluetooth 2.0 module including xrystal and antenna
• LMX9830: Bluetooth 2.0 certified simply blue serial port micro-module
• LMX5453: Bluetooth 2.0 certified micro-module.

2. Texas Instruments:

• MSP430 microcontrollers
• PAN1315 EMK

3. Arudiono Bluetooth board
Out of all the boards mentioned above the board that would be most suitable
for our application would be the Arduino Bluetooth board because its board size is
comparable to the size of the WDAS Ver.2 and it has a limited number of hardware
components compared to the other Bluetooth development boards.
Limitations we would encounter using the Arduino Bluetooth board to develop
our application are as follows.

• The voltage regulators used for the WDAS Ver.2 are switching voltage regulators. The voltage regulators used in the Arduino board are linear voltage
regulators which may not work for our application.
• The transistor voltage conversion interface designed in the WDAS is not present
on the Arduino Bluetooth board.
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Figure 4: Arduino Bluetooth board; http:blog.makezine.com
Another version of the Arduino named the Arduino Lilypad has also been extensively used by hobbyists to develop applications. Shown in Figure 5 is the Arduino
Lilypad, it is circular in shape and at the outer perimeter contains plated through
holes that are the pin outs of the I/O pins. Conductive thread is used to make connections to other additional components interfaced to the Lilypad. Hence in order
to incorporate the lilypad into our design we will have to interface the lilypad to
new voltage regulators, a Bluetooth module and the transistor voltage conversion
circuitry.

1.3.2

Fall Detection and Intervention Systems

The systems existing in the industry include fall detection as well as alert systems
that alert a remotely located responder in the case of a fall. Such a system is made
up of two modules; one which the subject wears as a pendant/watch and the other a
base station that alerts the remote responder through the telephone lines.
The system developed by SOSignal contains a pendant that not only detects a
fall but also alerts a base station which alerts a remote responder. The pendant also
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Figure 5: Arduino Lilypad; www.ece.cmu.edu

Figure
6:
Wellcore
fall
alert
system;
www.ubergizmo.com

Figure 7: SOSignal fall alert
system; www.sossignal.com

contains a switch which the subject can activate in the case of a missed detection. The
Brick house alert system also works on the similar principle except that the module
worn by the subject does not detect falls, and the system is activated by the user
pressing the button.
Tunstall fall detector system is similar to the SoSignal system. A new concept
that is still in the development stages is that of “Smart Slippers” designed by AT&T
for fall prevention. The device is still in the testing stages.
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Figure 8: Tunstall fall detection and alert system;
www.techforltc.org

Figure
9:
Smartslippers
by
At&t;
www.mobihealthnews.com

Fall intervention systems are important in the geriatric health care sector. Some
of the available fall intervention modules include anti slip mats, hip protectors, bed
rails, floor mats shown in Figures 10, 11, 12 and 13.

Figure 10: Anti slip mats

Figure 11: Hip protectors

Figure 12: Bed rails

Figure 13: Floor mats
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2

Methodology

This chapter provides an overview of the procedures and the methods adopted for
this project. It contains four sections. The first section gives an overview of the
sensor operation principle, the different sensors tested and the sensor chosen for our
application. The second section describes a calibration procedure adopted to test the
sensor capabilities. The procedure helped us determine the correlation between the
sensor outputs and angular displacements\rate of angular rotation. The third section
explains the human testing procedure implemented to test the hardware module and
record the sensor outputs for falls in the sagittal plane. The procedure helped us get
an accurate measure of the sensors behavior to falls. The last section is about the
data analysis that discusses the fall points and the pre-fall signature in the data.

2.1
2.1.1

Gyroscope Sensors
Gyroscope Sensor Classification

The gyroscopes used in our application works on the principle of pulse width modulation. All the gyroscopes come packaged with three input pins and three output
pins. Some gyroscopes are provided with an additional pin to activate the heading
hold mode. The inputs given to a gyroscope are: GND, Vcc=5V and a pulse train
of width 1.5 msec and period 12.28 msec. The outputs are: GND, Vcc = 5V, A
pulse train that varies its pulse width responding to angular displacement about the
sensitive axis of the gyroscope. Gyroscopes are classified into two types; 1. Piezo
gyroscopes\Rate sensitive gyroscopes and 2. Heading lock gyroscopes
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1. Piezo\Rate sensitive gyroscopes

Figure 14: Operation of piezo gyroscope
Figure 14 illustrates the operation of the piezoelectric gyroscope in a helicopter
application. The gyroscope is mounted on a platform above the base of the tail, close
to the axis of rotation of the rotor. When there is gust of wind that causes the tail
to drift away from its axis, the gyroscope generates a control signal that causes the
servo motor to mechanically move the rudder to counteract the force.
When the tail stops drifting the gyroscope stops providing the control signal. The
control signal is a pulse whose width increases from the reference pulse width when
the tail drifts (acceleration about the sensitive axis); when the drift stops the output
pulse of the gyroscopes returns to the reference pulse width.

2. Head holding/AVCS (Automatic Vector Control Systems) gyroscope.
Heading hold gyroscopes generally come with an extra pin apart from the 3 input
and 3 output pins. The additional input pin is used to set the gyroscope into the
heading lock mode. The input to this additional pin is a continuous pulse of width
1.8 msec, period 12.33 msec. Providing the above mentioned pulse to the gyroscope
input sets it in the heading lock mode; else it will function as a rate sensor. When
a helicopter encounters a cross wind, which causes its tail to drift, the gyroscope

20
produces a control signal that resists the cross wind.

Figure 15: Operation of heading hold/AVCS gyroscope
In AVCS mode there is no drifting of the tail, the gyroscope constantly outputs a
control signal that resists the cross wind. Hence drifting is stopped even as the cross
wind keeps blowing. When there is a drift in the tail, the gyroscope output pulse
width increases/decreases depending on the direction of rotation of the tail about
the sensitive axis. Unlike the rate gyroscope the output pulse width does not return
to its reference but stays at an increased or decreased pulse width. This causes the
helicopter to head in the direction it was flying even after coming in contact with a
cross wind.

2.1.2

Sensors Tested

Three gyroscopic sensor modules given in Figure 16, Figure 17 and Figure 18 are
the sensors that have been tested and calibrated. The sensor GWS PG 03, GU
210 and GY240 are manufactured by Grand Wing Servo (GWS), GAUI and Futaba
respectively. All the sensors are sensitive to rotational movement about a single axis.
All three sensors have the same set of inputs, 5V power supply I/P pin, GND pin
and a gyroscope input pin which is provided with a pulse train of pulse width 1.5
msec. All the three sensors have the same pin configuration at the output end. The
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pin configuration includes GND, 5V and the gyroscope output pin which produces
a pulse train whose pulse width changes with change in angular orientation of the
sensor.

• GWS PG-03

The GWS PG-03 is a rate gyroscope. It has three input and three output pins.
The three input pins are GND, 5V Vcc, and an input pin to which a continuous pulse
train of pulse width 1.5 msec and period 12.78 msec is provided. The output pins
include a GND pin, 5V supply pin which can be connected to an LED through a
resistor and a gyroscope output pin which provides a constant pulse train.

Figure 16: GWS PG-03 rate gyroscope
The GWS PG-03 is sensitive to the rate at which it changes position from one
point to another. The sensor output varies with respect to the rate of change of its
position. With a change in the position of the sensor about its sensitive axis, the
output pulse width changes. The pulse width increases or decreases depending on
the direction in which the gyroscope is rotated. When the gyroscope comes back to
its stationary position the output signal will return to a reference output pulse width.
The specifications of the GWS PG -03 are given below:
Dimensions: 26 x 27 x 11.3 mm
Operating voltage: 4.8V to 6V DC
Weight: 7 gm.
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• Futaba GY240

The Futaba GY 240 is a rate/heading hold gyroscope. It allows the user to
operate it as a heading lock or a piezo gyroscope. It is equipped with two switches,
a mode switch and a direction switch and a gain dial. The mode switch decides
the functionality of the gyroscope which is either heading hold or piezo mode. The
direction switch allows the user to choose whether the output pulse width increases
or decreases when the sensor is rotated in a particular direction. The gain dial allows
the user to set the gyroscopes sensitivity. For our application the gain dial was set
at 75 (0 minimum, 100 maximum). 75 was chosen with the consideration that the
sensor had to capture slow as well as fast movements in the human body.

Figure 17: GY 240, heading hold gyroscope
The GY 240 has three input and three output pins similar to the GWS PG-03
mentioned above. The input provided to the gyroscope inputs are similar to that
of the GWS PG-03. When operating as a piezo gyroscope the GY 240 output has
a maximum output pulse width within the range from 1.2 msec to 1.4 msec and a
minimum output pulse width within the range 1.4 msec to 2.2 msec. The sensor
detects the acceleration and increases\decreases its output pulse width depending
on the rotation direction. In the piezo mode when the gyroscope undergoes angular
displacement its output pulse width changes momentarily and on coming to stationary
position the output pulse width returns to its reference value.
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The output returns to the reference pulse width of 1.4 msec when the gyroscope
comes back to a stationary state. In the heading hold mode the gyroscope generates
a maximum output pulse width of 1.7 msec and a minimum output pulse width
of 1.1 msec. We are using the GY 240 operating in the heading hold mode for our
application such that when mounted on a subject who bends forward the output pulse
width of the sensor increases and decreases when the subject bends backward. In a
heading hold gyroscope, the output pulse width changes with angular displacement
of the sensor and on coming to a stationary position the output pulse width does
not return to its reference but holds to its increased\decreased value depending on
whether it was rotated in the clockwise\anticlockwise rotation. The specifications of
the GY240 are given below:
Dimensions: 27 x 27 x 20 mm
Operating voltage: 4V to 6V DC
Weight: 25 gm.

• GUAI GU 210

The GUAI GU 210 has two modes, the analog mode and a digital mode in which
it can be operated. Furthermore the gyroscope can be operated as a heading hold or
a piezo gyroscope in either mode. Unlike the other two gyroscopes mentioned above
the GU 210 contains an additional input pin that sets the sensor into heading hold
mode when a pulse train of width greater than or equal to 1.2 msec is applied to it.
Excluding the gain pin, the remaining input and output pins of the gyroscope follow
the pin outs similar to that of the GY 240 and the GWS 03. In addition to the above
pin the user can set the sensor either in digital or analog mode. Hence the user can
choose to operate the sensor in four modes: 1. Digital heading hold mode, 2. Digital
piezo mode, 3. Analog heading hold mode, and 4. Analog piezo mode.
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The GU 210 contains 2 switches, a direction switch and
a mode switch and two dials, a delay dial and a limit dial.
The direction switch allows the user to decide whether
the output pulse width of the gyroscope should increase or
decrease when the sensor in tilted in the forward direction.
The mode switch allows the user to decide whether to
operate the sensor in the digital or the analog mode. The

Figure 18: GU 210

delay dial operates similar to the gain dial in the GY 240.
It controls the gain of the system, deciding how fast or how slow the system should
detect angular changes. The limit dial limits the output of the sensor to a particular
pulse width. The GU210 is also equipped with an LED that indicates the mode in
which the sensor is operating. The operation of the sensor in the different modes are
explained below.
1. Heading Lock Mode - The sensor is operated in the heading lock mode by providing
a signal of pulse width → 1.2 msec, period → 4.7 msec to the gain pin of the GU210.
Comparing the operation in both the analog as well as digital mode it was observed
that the GU 210 has higher sensitivity in the digital mode compared to the analog
mode. The GU 210 was placed in the center of the platform mounted on a servo
arm, the maximum and the minimum output of the sensor was recorded by manually
rotating this platform. The manual analysis of the GU210 in the digital heading hold
mode yielded a minimum output pulse width of 0.7 msec and a maximum output
pulse width of 1.3 msec.
2. Piezo mode - The GU210 operated in the analog piezo mode produced a maximum
output pulse width between 1.6 msec and 1.8 msec and a minimum output pulse
width of 0.8 msec. When operated in the analog piezo mode the reference output
pulse width was measured as 1.2 msec with period 14 msec, which was different from
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that in the digital piezo mode which measured 1.1 msec with a period of 2.85 msec.
The specifications of the GU 210 are given below:
Dimensions: 25 x 26.5 x 14 mm
Operating voltage: 4 to 6V DC
Weight: 10.2 gm.

2.2

Calibration Setup

Calibration is the validation of specific measurement techniques and equipment. At
the simplest level, calibration was a comparison between measurements-one of known
magnitude or correctness made or set with one device and another measurement made
in as similar a way as possible with a second device [25]. The calibration system used
in the setup as show below is used to establish a correlation between the sensor output
and the angular displacement it undergoes.

Figure 19: Calibration setup
The calibration system shown in Figure 19 contains a metal housing onto which
a Hi-Tec digital servo was fastened using screws. A wooden platform was mounted
and screwed onto the protruding section of the servo motor shaft. The system also
contained a Parallax servo controller and a digital angle meter. The servo motor
controller provided an easy user interface on the PC through which the user could
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set the servo position and the servo rotation rate hence controlling the angle through
which the sensor was displaced and the rate at which the sensor rotated to reach that
angle. An Aero Perfect MU-9000 digital angle precision unit was used to record the
angular displacement of the sensor about its sensitive axis.

(a) 0 ◦

(b) Anticlockwise rotation

(c) clockwise rotation

Figure 20: Sensor alignments for calibration
The sensor was placed in the center of the platform connected to the motor shaft.
The motor was rotated through known angular displacements, after which the sensor
output as well as the angle are recorded. This process was repeated for various
angular displacements hence acting as an effective method to check the repeatability
and accuracy of the sensor output.

2.2.1

Sensor Calibration Procedure

The calibration procedure was aimed at obtaining a correlation between the sensor
output and the angular displacement of the sensor. The sensor was placed in the
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center of the platform connected to the shaft of the motor. The sensitive axis of the
sensor was aligned with the motor shaft. Depending on the direction of rotation of
the motor shaft the platform to which the sensor was connected will rotate either in
the clockwise or the counterclockwise direction.
A total of 49 sets of data were collected from the sensor. The servo motor was
programmed using the servo controller user interface to start at 0 ◦ (Figure: 20(a)).
The servo motor was made to rotate through an angle of X ◦ in the clockwise direction
(Figure: 20(c)), stay stationary for 5 sec, return to the 0 ◦ position, stay stationary for
5 sec, rotate through an angle of X ◦ in the anticlockwise direction (Figure: 20(b)),
stay stationary for 5 sec and return to 0 ◦ . This procedure was repeated thrice for a
single set of data. The procedure mentioned above was repeated for different angular
displacements. Four data sets were collected for each angle tested. For each data set
collected the platform onto which the sensor was mounted was rotated at different
rotational rates. This was done to check the repeatability of the sensor outputs for
different rotational rates and to determine the maximum and the minimum angle for
which the sensor outputs were free from error.
The sensor module was calibrated for an angular displacement of ±5 ◦ , ±10 ◦ ,
±15 ◦ and ±20 ◦ . Rate dependency of the sensor was tested by recording the sensor
output for a fixed angular displacement but for varying rotational rates. The Parallax
servo controller allowed the user to set the rotational rate of the servo motor anywhere
between a value of 0 (fastest rate) and 60 (slowest rate). The sensor was tested at
four different rates, 10, 15, 20 and 25.
A comparative study between the GY 240 and the GU 210 was also conducted
as a part of the calibration process. The study included determining the range of
operation of the GY 240 and the GU 210 and comparing them graphically. Prelimi-
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nary analysis included determining the maximum and minimum output pulse width
of each sensor. Secondary analysis was a detailed analysis that included recording the
sensor output pulse width for successive small angular changes of 10 ◦ in one direction
either clockwise or anticlockwise until the sensor output saturates. The same procedure was repeated in the opposite direction. The two procedures mentioned above
were repeated for servo motor rotational rates, 15, 30, 45 and 60. The behavior of
the sensor was evaluated with respect to rate as well as angular displacement. Data
gathered from the GY240 and GU210 were gathered and graphs of sensor output vs.
angle for different rotational rates were plotted.

Figure 21: Setup used to simulate back and forth swaying motion using a poster
holder with sensors mounted at three different locations
The setup shown in Figure 21 was used to simulate forward and backward swaying
movements of a subject before he\she falls. The sensors were placed at three different
locations on the sensor mount. This was done to investigate whether the sensor
outputs placed at different heights vary or remain the same. A metal rod was forced
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through the center of the sensor mount and fastened to a table making it the axis
of rotation of the mount. A digital angle meter was placed at the axis of rotation of
the mount in order to record the angular displacement of the mount from its vertical
position. A set of tests were performed to observe the behavior of the sensor. The
following tests were performed:

• Clockwise rotation of the sensor mount through small angular changes
(0 ◦ → 5 ◦ → 10 ◦ → 15 ◦ → 10 ◦ → 5 ◦ → 0 ◦ )
• Anticlockwise rotation of the sensor mount through small angular changes
(0 ◦ → −5 ◦ → −10 ◦ → −15 ◦ → −10 ◦ → −5 ◦ → 0 ◦ )
• Backward and forward swaying movement of the sensor mount (Both anticlockwise and clockwise rotation)

2.3
2.3.1

Subject Setup and Testing Structure
Subject Setup

Device testing included mounting the sensors on subjects and performing fall inducing
trials on subjects. Sensors were mounted on three different locations on each subjects
body, the head, the left shoulder and the waist. The purpose was to determine the
location where a sensor was most sensitive to a fall. The alignment of the sensor was
such that each of them were sensitive to falls in the sagittal plane (shown in Figure
22).
Before performing the fall tests the subjects were made to wear two synthetic
belts. Belt 1 was placed around the waist of the subject and Velcro was used to hold
the two ends of the belt intact. Belt 2 was drawn from the left front section of the
subjects waist, pulled over the left shoulder, and fixed to the right back section of
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Figure 22: Planes related to the human body; www.answers.com/topic/adduction-2
the subjects waist. The two belts ensured that that sensors could be placed on the
waist and the left shoulder. The WDAS Ver.2 which interfaces with three sensors
was placed in a pouch that was held in place by belt 1. A head gear made of elastic
material, containing two strips, one that went around the head and a second strip
was placed over the head such that it bisected the head into two in the sagittal plane.
The front and the back end of the second strip were stitched to opposite points on
the circumference of the strip that went around the head.
After the belts mentioned above were fastened, the subject wore a harness that
prevented injury when performing trials. The harness consisted of two belts that went
over the shoulders of the subject, a belt that went around the lower portion of the
waist and two belts with padding that supported the subjects thighs from below. The
harness was designed in such a way that in the case of a fall, most of the subjects body
weight would be distributed between the pads below the thighs. Figure 24 shows the
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subject setup.
After the completion of the above two procedures the WDAS Ver.1 was turned
on and the data was collected on the base station.

2.3.2

Testing Structure

The setup used in the coronal and sagittal plane subject testing as illustrated in
Figure 24, consisted of a harness explained in the previous section, a square wooden
platform, two support rails which were fixed on either side of the wooden platform
and a wooden balance beam. After the belts were strapped and the harness mounted
on the subject the sensors were placed on different locations on the subjects body
and trials were commenced. The subject was asked to try and maintain balance on
the ball of his foot when performing tests. Hence this setup induced forward and
backward motions in the subjects body before he\she eventually lost balance and
came off the beam. The sensors were placed on the subject such that they were
sensitive in the sagittal plane hence detecting the variation of the body movements
in that plane.
Changes in the setup and alignment of the sensor were made for subject testing
in the coronal plane. The balance beam was placed parallel to the support rails in
the setup. Two sets of coronal plane tests were performed on each subject. The first
test included the subject placing his right foot in front of his left foot and second
test included the subject placing his left foot in front of his right. By performing
these two tests we could get an insight about the subjects stability for different foot
alignments.
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S1
S2

S3

WDAS 1

Subject testing
with the 1st design
of the WDAS

WDAS 2
WDAS 3

S1

S2

S3

Subject testing with
the 2nd design
of the WDAS

WDAS

Figure 23: WDAS Ver.1 (top picture) and WDAS Ver.2 (bottom picture) mounted
on human subjects S1- sensor placed on head, S2- sensor placed on the left shoulder,
S3- sensor placed on the waist
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Figure 24: Clinical setup to record WDAS output for body movements in the sagittal
plane
Given below are the steps to be followed for collecting data from the WDAS:
1. The WDAS Ver.2 is to be turned on.
2. The subject should stand stationary for 5-10 sec holding on to the support bars
so a clear baseline can be obtained before the test is performed.
3. The subject should let go off the rails, then try and stay on the beam as long as
possible.
4. Once the subject looses balance and falls off the beam he\she should come to a
stationary position and stay in that position for 5-10 sec so that a clear baseline is
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registered.
Steps 2-4 mentioned above should be repeated multiple number of times for each
subject tested. The baseline generated at the beginning and the end of each run
helps the data evaluator to distinguish between subsequent falls.

Video Analysis A video of the subject tests were recorded in order to correlate the
subject movement to the sensor outputs. A digital camera was placed perpendicular
to the sagittall plane to capture live video of the subject performing tests. The
camera was placed such that its image frame contained the waist, shoulder and the
head of the subject. Initial data analysis yielded plots that contained peaks signifying
potential falls, but it was hard to correlate backward and forward body movements
to the sensor output. The video recordings were used to correlate the sensor outputs
to the forward and backward movements of the subject. This technique would help
us develop an intuitive approach to categorize sensor outputs.

2.4

Data Analysis

The data collected were plotted using Matlab. Fall, pre-fall and post-fall regions
were located in the plots. The data set is organized into overlapped windows with
a least square regression analysis performed on each window. The moving window
analysis was implemented on Matlab on collected data sets. The user had the choice
of entering the window size. The window was implemented such that there was an
overlap of values between successive data sets. The predicted values of data in each
window were plotted, and change in slope coefficient of the data sets were noticed.
The moving window played an important part in sectioning the data into blocks and
allowing the user to perform computations on individual blocks of data.
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Figure 25: Sensor output data after application of least square regression

Figure 26: Sensor output data without regression analysis
The least squared regression analysis was used to plot predicted values of data
set in each window [26]. The equation for computing predicted values of the data is
given by
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Ŷ = α̂ + β̂X

(1)

Equation 1 gives the prediction equation for the least squared error analysis. β̂
and α̂ are the estimates of the slope coefficient and the true intercept, respectively.
Consider Y to be the data set and X be the x axis variables from 1 to N (Number of
data elements in the data set). The slope coefficient β̂ is computed by employing the
equation

β=

N
X

(Xi Yi − nX̄ Ȳ )/

N
X

(Xi2 − nX̄ 2 )

(2)

i=1

i=0

where X̄ = mean of X, Ȳ = mean of Y. The intercept α is obtained by employing
the equation:

α = Ȳ − β̂ X̄

(3)

The predicted values of Y given by Ŷ is calculated using Equation 1. Hence by
computing the predicted values of the recorded data a regression line of the data
set in each window can be obtained. Plotting the regression lines for each of the
data set comprised in a window would yield plots made up of an intricate network
of overlapping lines. Figure 25 and Figure 26 shows the plot of the data set after
and before the application of the above mathematical analysis. Closely observing the
plots it can be noticed that there is a sharp change in the slope of the lines that are
close to regions where falls are occurring. It can also be seen that the lines of large
slope are repetitive near the region of transition unlike other regions of the data set.
Hence the slope of the lines can be used as a parameter for automatic detection of
fall points in the incoming stream of data.
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3

Hardware Design and Development

The hardware developed for this study is a microcontroller board that can interface
to pulse width modulated sensors and send out the sensor data through a Bluetooth
module. It also has the ability to provide power to various components using a
battery. Two versions of the Wireless Data Acquisition System (WDAS) boards were
designed and implemented. WDAS Ver.1 can only interface to one sensor while the
WDAS Ver.2 can interface to three.

3.1

Hardware Components Used

Surface mount components of different sizes were used for WDAS Ver.1 and WDAS
Ver.2. The transistors, voltage regulators and the EEPROM used for the WDAS
Ver.1 and WDAS Ver.2 were of the same size. The resistors and capacitors used for
the WDAS Ver.1 and WDAS Ver.2 were of different sizes. The metric of the resistors
used in WDAS Ver.1 and WDAS Ver.2 are given below:

• WDAS Ver.1:
Resistor size 0805
0805 (2012 metric): 0.08” × 0.05” (2.0 mm × 1.25 mm)
Typical power rating for resistors 1/10 or 1/8 watt
• WDAS Ver.2:
Resistor size 1206
1206 (3216 metric): 0.126” × 0.063” (3.2 mm × 1.6 mm)
Typical power rating for resistors 1/4 watt.
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Other hardware components used on the board or connected to the board include
SMD transistors, voltage regulator, switches, LED’s, Parallax Propeller microcontroller and a Bluetooth module. A brief explanation of each of the components is
given below:

• SMD Transistors

The SMD transistors were used as inverting amplifiers to convert the 3.3V pulse
train to a 5V pulse train transmitted from the Propeller to the gyroscope. The output
of the sensor was passed through two stages of the transistor inverting amplifier. The
first stage amplifies the signal to 5V and inverts the pulse coming from the Propeller.
The second stage inverts the signal coming from the first stage and supplied it to the
gyroscope. The output of the gyroscope is a 5V signal that has to be stepped down
to a 3.3V signal. Voltage step down was implemented using two stages of inverting
amplifiers. The first stage steps the voltage down to 3.3V and inverts the signal. The
second stage inverts the signal coming from the first stage. The output of the second
stage is connected to an I/O pin of the Propeller.

Figure 27: Surface mount transistor; www.westfloridacomponents.com

• Voltage Regulators

In the initial design linear regulators were used to regulate the power to the printed
circuit board. The heating of the linear regulators due to its low power handling
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capability led us to use switching regulators. The linear 5V and 3.3V regulators were
later on replaced with Murata 7805SR-C and 7803SR-C switching regulators which
have an operating input voltage range of +7.5V - 36V DC and a current rating of
0.5A.

Figure 28: Switching voltage regulator; www.mouser.com

• EB301 Bluetooth Module

The Bluetooth module used for our prototype design is manufactured by A7 Engineering and is named EB301. The EB301 has 12 male headers to which connections
can be made. For our application we use only 3 of the headers Vcc (Pin No.1), GND
(Pin No.5) and Rxd (Pin No.7). The Vcc Pin is connected to the output of the 3.3V
regulator, the Rxd pin is connected to the Tx pin (Transmit pin of the UART) of the
microcontroller.

Figure 29: Eb301 Bluetooth module; www.msebilbao.com

3.2

Hardware Design

The hardware development in this project consists of three stages: breadboard prototyping, printed circuit board development and hardware integration.
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3.2.1

Breadboard Development

A breadboard was used to prototype the initial working module of the Wireless Data
Acquisition system. The schematic provided by Parallax Propeller, the manufacturer
of the microcontroller, was used to rig up the circuit on the breadboard. After the
preliminary development, the circuit was interfaced to the gyroscope and the Bluetooth module. Transistors were used to step up the voltage levels from 3.3V to 5V for
the gyroscope inputs and step down the voltage levels from 5V to 3.3V for the gyroscope outputs. The microcontroller and the Bluetooth module was powered through
a single 3.3V switching voltage regulator. The gyroscope was powered through a 5V
switching voltage regulator.

3.2.2

Printed Circuit Board Design

After the breadboard development of the circuit, a layout for the circuit was developed. Express PCB tool was used to design the schematic and layout of the printed
circuit board. A two sided board with plated through holes was designed for this
application.
Two PCB designs were developed for our application. The first design was for
WDAS Ver.1 and the second one for WDAS Ver.2. The first design was intended to
interface a single sensor to the board developed, while the second one was intended to
interface three. Both the designs had Bluetooth interfacing capabilities. Preliminary
testing was implemented using WDAS Ver.1 and presently subject testing is being
implemented using WDAS Ver.2.
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Figure 30: WDAS Ver.1 interfaced to the Bluetooth module
• Propeller board (1st Design) interfaced to the sensor and the Bluetooth module
EB 101

Figure 30 shows the WDAS Ver.1. In the figure the Bluetooth module, the switch
used to power on the sensor, the switch used to power on the controller, and the
voltage regulators can be clearly seen. The sensor is aligned such that it is sensitive
axis is parallel to the face of the printed circuit board.
Figure 31 shows the block diagram of the WDAS Ver.1. The components that
are housed on the printed circuit board include the voltage regulators, the voltage
level changing circuitry and the microcontroller. The other components include the
Bluetooth module and the gyroscope sensor that are interfaced to the printed circuit
board using wires.
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Figure 31: Block diagram of WDAS Ver.1 interfaced to a sensor and a Bluetooth
module
• Propeller board with multiple sensor interfacing capabilities

Figure 32 and Figure 33 show the front and the back faces of the WDAS Ver.2.
The left edge of the front face of the WDAS Ver.2 shows the pin array to which the
three gyroscopes I/O pins are to be connected. The top left section of the front face
of the WDAS Ver.2 shows the inverter HC7402 used as a signal multiplier to supply
the input signals to the three gyroscopes. On the back face of the WDAS Ver.2 we
can see the Bluetooth module and the three voltage regulators used in the module.
Figure 34 shows the block diagram of the WDAS Ver.2. The components not
housed on the board, i.e., the three sensors and the Bluetooth module, are also shown
in the block diagram.
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Figure 32: Front face of the WDAS Ver.2

Figure 33: Back face of the WDAS Ver.2
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Figure 34: Block diagram of WDAS Ver.2 interfaced to 3 sensors and a Bluetooth
module
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4
4.1

Code Development and System Integration
Code Development

The WDAS software includes the firmware developed for the Parallax Propeller microcontroller and the Matlab code developed for the host PC. This section contains
three subsections. The first subsection gives a high level explanation of the software
tools used for the system. The second subsection explains the program written for
our application that is downloaded onto the Propeller. The third subsection explains
the implementation of the Graphical User Interface on Matlab. All the programs implemented are explained through flowcharts developed in Microsoft Visio. The codes
are attached in the appendix.

4.1.1

High Level Representation of the Software Tools Used

Figure 35 gives a clear framework of the entire project. It shows the different software
tools used at different stages of the project. The tool that was used for the Propeller
code development was Propeller Editor/Development System Ver.1.2.5. Data transmitted from the WDAS modules were collected on the PC through a Bluetooth dongle
Dlink 120 and Hyper terminal software which was used to record the received data and
store them into a text file. The text file was read into Matlab and the data analyzed
for pre-fall, fall and post-fall signatures. Analysis techniques include slope analysis,
mean squared error analysis etc. which were applied to the data sets recorded to look
into the possibilities of other calibration variables.
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Figure 35: High level integration of the software tools used
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4.1.2

Microcontroller Code Development

The firmware for the Propeller was developed using the Parallax editor/Development
tool that is available on the Parallax website http://www.parallax.com/. The language used to code the Parallax Propeller is called Spin. In order to program the
Propeller an interface known as the prop clip was used. The prop clip consists of
a wire having connectors on either end. One end of the cord consists of the USB
Type A clip and the other end of the cord consists of a 4 pin female receptacle that
is inserted into the printed circuit board containing the Parallax Propeller microcontroller. This clip is used to download the code developed in the Spin environment
onto the EEPROM or RAM of the Propeller.

• Micro Controller COGS/CORES

The concept of a Propeller ’COG’ has been used extensively in all the flowcharts
related to the code implemented on the Parallax Propeller microcontroller. Here
’COG’ refers to a Propeller processor core. The Parallax Propeller has eight cores or
COGS which can run eight independent operations in parallel. This Propeller was
chosen for its parallel processing capabilities.

• Code Implemented On WDAS Ver.1

Figure 36 shows the flowchart for the code implemented on WDAS Ver.1. The
code implemented and loaded onto the WDAS Ver.1 uses two COGS of the Propeller.
The first COG is used to generate a square wave that is provided as an input to the
gyroscope. The second COG receives the gyroscope output, converts it into a number
about the pulse width and sends out the number via the Bluetooth module.
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Figure 36: Flowchart for the code implemented on the Propeller for WDAS Ver.1
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Figure 37: Flowchart for the code implemented on the Propeller for WDAS Ver.2
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• Code Implemented On WDAS Ver.2
Figure 37 gives the flowchart of the code implemented on the WDAS Ver.2. Here
we use five COGs of the Propeller. The first COG serves the operation of generating
the square wave which is duplicated and provided as inputs to the gyroscopes. The
second, third and the fourth COGS are used to receive the outputs from gyroscopes
1, 2, and 3 respectively. A counter in each COG is used to measure the number of
clock ticks elapsed for the duration of a pulse.
When the signal at the pin goes high the counter increments the value of a register
by 1 for every clock tick of the Propeller. When the signal at the pin goes low, the
counter stops incrementing this register. The number stored in the register is the
number of clock ticks elapsed from the beginning to the end of the pulse, which is
nothing but the estimate of the pulse width of each incoming pulse. Each COG
has its own counter and hence each gyroscope is assigned a COG which computes the
pulse width of the signal coming out. The sensor output pulse width values computed
by counters of COG 2, 3, and 4 are multiplexed in COG 5 and transmitted to the
Blueooth module.
Each of the printed circuit boards designed has an EEPROM. The Propeller Integrated Development Environment (IDE) allows the user to choose whether to write
the code into the RAM of the Propeller or the external memory EEPROM.

4.1.3

Matlab Graphical User Interface (GUI) Development

Matlab R2009a was used to analyze the data stored on the PC. Plotting the data,
locating fall points, running analysis on the data etc. were done using Matlab. The
analysis proved vital for determining repeatability of the sensor output that was one
of the objectives of the calibration process. Variation of the sensor output for different
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rotational rates was another important characteristic the sensors were evaluated for.
But due to the noise present in the sensor output it was not possible to extract the
rate related information.
The graphical user interface (GUI) developed in Matlab consisted four push buttons and a graph to display the output of a WDAS Ver.1. The push buttons are: ’SERIAL CONNECT’, ’DISCONNECT”, ’PLOT COLLECTED DATA’, and ’CLEAR
PLOT’. The user can stop the collection process any time by clicking on the ’DISCONNECT’ button present in the GUI. The data collected can be plotted using the
’PLOT DATA’ button provided on the GUI.
Figure 38 represents the flowchart for the code written in Matlab to collect, plot
and save the data from the WDAS Ver.1. GUI development environment was used
to initially include all the buttons, plots etc. to the GUI design. Each element in
the GUI was represented as a function in the code generated by Matlab. The user
enters custom code into the function to perform specific tasks on the activation of the
button. The code written to implement the GUI uses timers to gather transmitted
data from the WDAS Ver.1 through the D Link DB 120 connected to the PC. The
timer fires at intervals of approximately X seconds, which the user can set. Every X
seconds data are grabbed from the serial port buffer which is filled by the Bluetooth
hardware and stored into a variable in the Matlab environment.
The process above mentioned to collect data is repetitive and keeps occurring until
the user stops the data collection or clicks on the disconnect button in the GUI. The
purpose of designing the GUI was to develop a platform for any individual to conduct
medical trials and store the recorded data.
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Figure 38: Flowchart for the code implementation on matlab
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4.2

System Integration

This section gives an overview of how all hardware components were integrated into
a single module, how data transmission was initiated and how data was collected on
the PC (base station).

4.2.1

Hardware Integration

As mentioned in the hardware chapter most of the components were soldered onto
the printed circuit board. The components that were not integrated into the printed
circuit board design were the voltage regulators, LED’s indicating whether the system
was on/off, the Bluetooth module and two switches, one used to control power to
the Propeller and the second switch used to control power to the gyroscope. The
switches were attached to the side of the board and single strand wires were used to
make connections between the switches and other components on the board. A small
section of a perforated board was used onto which LED’s were soldered. Glue was
used to hold the perforated board and the main printed circuit board together. Three
single strand wires connected to 3.3V, GND and RCV (receiver) pin of the Bluetooth
module were drawn and connected to different points onto the printed circuit board.
Once all the hardware components, are integrated the user could turn the device
on by operating the switches provided on the board. This incorporates the entire
WDAS system.

4.2.2

Software Integration

Figure 39 shows the hardware needed to download the code into the WDAS. A device
called the prop clip manufactured by Parallax was used to “burn” the code onto the

54

Figure 39: Programming the WDAS using the prop clip
Propeller. One end of the clip was inserted into a USB port in the PC and the other
end was connected to the WDAS. The Parallax IDE (integrated development environment) allowed the user to download the code on either the RAM of the Propeller
or the external EEPROM.
The code written in Matlab was run only after turning on the WDAS. Once the
WDAS has been turned on and was transmitting to the PC (base station) the Matlab
code implemented for data collection and plotting the data was executed on the PC.
The Bluetooth module was programmed to transmit at 9600 baud. Communication
between the PC and the Bluetooth module in the WDAS took a few seconds to
synchronize with each other.
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5

Results

This chapter gives an explanation of the results obtained at two stages of the system
development. They are the calibration results and the data analysis results. The calibration results include the graph showing the correlation between the sensor output
pulse width and the angle of inclination of the sensor. Also included is the graph of
the sensor output pulse width variation for different angular rotational rates. The
data analysis results were obtained after the system hardware and software were integrated and sensor data were collected on the base station. Based on the data, an
observation is made about which sensor location is most suitable for sensor placement.

5.1

Calibration Results

The calibration process of the GY 240 yielded plots that showed the repeatability
of the sensor outputs limited to a certain angle. The sensor outputs displayed repeatability for ±5 ◦ , ±10 ◦ , ±15 ◦ . The sensor outputs did not show repeatability for
angular displacement of ±20 ◦ . Hence the GY240 output is repeatable for angular
changes only up to ±15 ◦ . Figure 43 shows the repeatability of the sensor outputs for
different angular displacements. Figure 21 shows the setup used to evaluate the behavior of the sensor for forward and backward swaying movement. This was done to
simulate the effect of a human being swaying back and forth in the sagittal plane. A
metal rod had one end fixed to a table and the other end inserted through the center
of the poster tube (fulcrum). The sensors were mounted on three different locations
on the tube; closest to the fulcrum, halfway between the fulcrum and tip of the tube
and the tip of the tube. The tube was made to oscillate about its fulcrum and the
sensor readings were recorded. Figure 40 shows the output of the data recorded from
each of the sensors for back and forth swaying motion.
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Figure 40: Sensor output recorded from WDAS Ver.2; Top Plot-sensor placed at the
tip of the mount, center plot-sensor placed between the tip and the fulcrum, bottom
plot-sensor placed close to the axis of rotation
The plots of sensor output pulse width vs. anglular alignment of the GY240
and GU-210 for different rotational rates are shown in Figure 41. Figure 42 is a
compilation plot of all the plots shown in Figure 41. The GY240 has an approximate
operational range of 20 ◦ both in the clockwise and the anticlockwise direction whereas
the GU210 has an approximate operational range of 60 ◦ in the clockwise direction
and 80 ◦ in the anticlockwise direction. The overlapped plots of the GU210 shows
an operation of the sensor is rate independent for angular displacement between 20 ◦
(clockwise rotation) and -20 ◦ (anticlockwise rotation) which is larger than that of the
GY 240. Hence from the plots we can come to a conclusion that the GU210 is better
suited for the application being developed in this project since it has a larger range
of angular operation.

57

Figure 41: Calibration plots: angle vs. sensor output pulse width

58

Figure 42: Calibration compilation plot
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Figure 43: Plot verifying sensor output repeatability for different values of angular
displacement

60

5.2

Data Analysis Results

Figure 44 shows the data received from the WDAS Ver.2. The top plot is the plot
of the data received from the sensor placed on the head, the middle plot is that of
the sensor placed on the shoulder and the bottom plot is that of the sensor placed
on the waist. Several peaks can be observed from the plots. Each of these peaks can
be correlated to quick movements of the subject in the sagittal plane or falls in the
sagittal plane. During subject testing it was observed that prior to the subject falling
off the beam there was a quick succession of back and forth movements of the subject
in the sagittal plane followed by a fall. In order to locate these regions in the plots
the data had to be categorized into pre-fall, fall and post fall regions. The regions in
the plots before the peaks relate to the pre-fall region and the region after the peaks
relate to the post fall region. In the pre-fall regions for some of the peaks a pattern
of small signal variations can be noticed before the actual peak in the data occurs.
The data obtained from different subjects can be categorized depending on their
sexes and ages. By doing so we will be able to differentiate the falling trends between
male and female subjects; whether there was a larger displacement of the upper body
in males compared to females prior to a fall and the rate at which the displacements
take place etc.
From the data obtained from different subjects it can be observed that the sensor
placed on the head produces largest signal variations, followed by the sensor placed
on the shoulder and the least signal variations being produced by the sensors placed
on the waist. Few of the plots obtained from subject testing have a visible pre-fall
signature from the data obtained from the sensor placed on the waist. Conducting
many more subject tests and analyzing it for pre-fall signatures and signal variation
for fall would be a suitable approach towards determining the most suitable location
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for sensor placement. Keeping in mind that the wireless data acquisition system can
be developed into a health care device, the head would not be the ideal location
for the sensor placement considering the possibility of the subjects performing daily
chores with the device mounted on them. Hence the shoulder or the waist would be
a better location for sensor placement.
Since different sensors have different operational capabilities each of the sensor will
have to be put through the procedure of being mounted on different positions on the
subject to test the sensors response for an induced fall. Depending on the sensitivity
of the sensors to induced falls, a system can be developed that incorporates different
sensors mounted on different locations on the human body, each sensor being most
sensitive to a fall when placed on a particular location. Developing such a system
would require an understanding of the working of each of the sensors and which
portion of the body they being mounted on are most sensitive to falls.
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Figure 44: Sensor output recorded from WDAS Ver.2; top, middle, bottom plots are
outputs of sensor placed on the head, shoulder and the waist.
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6

Conclusion

The primary goal of this research study was to design and develop a prototype with
wireless capability to which gyroscopic sensors could be interfaced. We were successful in developing two prototype devices, Wireless Data Acquisition System Ver.1
and Ver.2. The first prototype WDAS Ver.1 has wireless as well as single sensor
interfacing capabilities. The second prototype WDAS Ver.2 has wireless capability
as well as three sensor interfacing capability. Subject trials have been and are still
being performed to evaluate the working of the system for induced falls in the frontal
plane. Determining the correlation of the sensor output pulse width to that of angular displacement, exploring the dependence of the sensor outputs on the rate of
angular rotation, developing the calibration plots were the processes conducted in
order to calibrate the sensors. Other sensors were also tested in order to determine
the most suitable sensor for our application.From the results obtained the system can
successfully detect falls in the sagittal plane. Since our sensors are single axis, it can
detect fall only in a single plane. Preliminary testing has yielded results that have
shown that the sensors are sensitive to falls in the coronal and the sagittal plane.
Future scope of this project includes the points mentioned below:
• Determination of a location on the body to which the sensor would be most
sensitive to when a fall occurs,
• Testing and calibrating the 3D sensor GY 520 sensor
• Designing a fall intervention module that would prevent injury to subjects in
the case of a fall,
• Designing a fall alert system that would alert a remote responder who informs
the paramedics.
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7

Attachments: Schematics

Attached are the schematics of the 4 boards designed for this application

• Parallax Propeller Prototype board
• Parallax Propeller Prototype board ; WDAS Ver.1
• Parallax Propeller Prototype board ; WDAS Ver.2, DIP package of microcontroller
• Parallax Propeller Prototype board ; WDAS Ver.2, TQFP package of the microcontroller
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• Parallax Propeller Prototype board
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• Parallax Propeller Prototype board ; WDAS Ver.1
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• Parallax Propeller Prototype board ; WDAS Ver.2, DIP package of microcontroller
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• Parallax Propeller Prototype board ; WDAS Ver.2, TQFP package of the microcontroller
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8
8.1

Appendix
WDAS Ver.1 Code

Program:
3 cores (COGS as referred by the designer) of the microcontroller are being used in this program and
thte function of each core is given below:
*Code generates a square wave of pulse width 1.5msec, period 12.78msec on pin 4 of the
microcontroller.
*Reads the gyroscope output on pin 5 of the microcontroller and computed the pulse width of the
incoming pulse as a function of pulse width.
*Outputs the pulse width of each incoming pulse (as number of clock ticks)
VAR
long stack[500]
long time
byte cog[3]
byte index
byte ID

'Initializes the variables used in the program
'Allocated 500 memory location for stack operation
'Variables allows us to index 3 cogs

OBJ
debug: "fullduplex"
PUB Main
index := 0
'Initializing COG index
stop(index)
'Method that turns off the COG with ID index
cog[index] := cognew(Squarewave(18_600,65_000,4,0), @stack[0])
'Passing a method that generates a square wave with Ton =
'60,000 clock ticks
'and Toff = 18,600 clock ticks on I/O pin 4

'index++
'stop(index)
'Method that turns off the COG with ID index
'cog[index] := cognew(Squarewave(20_000,65_000,26,0), @stack[300])
'Passing a method that generates a square wave with Ton =
'60,000 clock ticks
'and Toff = 18,600 clock ticks on I/O pin 4

index++
'Increment index to shift to next cog
stop(cog[index])
'stop the cog from functioning if its ON
cog[index]:= cognew(PWM, @stack[300])
'pass pulse width measurement method into next cog

PUB stop(cogno)
if cogno
cogstop(cogno)

'Method to stop any cog that is already working
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PUB Squarewave(toff,ton,pin,t)
dira[pin]~~
t+ = cnt
repeat
outa[pin] := 0
t+ = toff
waitcnt(t)
outa[pin] := 1
t+ = ton
waitcnt(t)

PUB PWM

debug.Start(31,30,0,9_600)
waitcnt(clkfreq*2+cnt)
ctra[30..26] := %01000
ctra[5..0] := 5
dira[5]~
frqa := 1
time := 0
repeat
repeat until ina[5]
phsa~
repeat while ina[5]
time:= phsa

debug.Str(String(13," "))
debug.Dec(time)
cnt:=clkfreq
waitcnt(clkfreq/10000+ cnt)

'Method that generates pulse
'Declare pin as output
'Declare t equal to the counter value

'Initial state of pin is set to be low
'Add the value of toff to t (Timekeeping application Pg.62 in the
'manual)
'wait until system counter CNT equals t
'Pull pin high
'Add value of ton to t (Timekeeping application Pg.62 in the
'manual)
'Keep the output high for Ton number of clock ticks

'Method reads pulse coming from the gyroscope and computes
'the pulse width in clock ticks
'Pass parameters (Rx pin, Tx pin, Mode, Buadrate) into object Start
'(Initializes the serial transmission protocol)
'Wait for 2 sec ( Serial protocol setup delay time)
'Set counter A of cog 1 for positive detector mode
'Assign I/O pin5 [P5] as and input in the counter register
'Set direction of I/O pin 5 as input
'Increment phsa by 1 for every clock tick
'Initialize time to be zero
'Infite loop that computes the pulse width of each pulse coming
'from the gyroscope output
'Repeats the statement until state of pin 5 becomes a non zero
'value(goes high)
'Start counter A once the input goes high by clearing the Phsa
'register
'Repeats the statement until input state of pin 5 is low
'Time is the number of clock ticks during which the state of pin 5
'was high
'(Pulse width of incoming pulse in the form of clock ticks)
'Print each value of counter A

'Wait for 0.001sec and proceed
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8.2

WDAS Ver.2 Code

Program:
Code generates a square wave of pulse width 1.5msec, period 12.78msec on I/O pin1 of the
microcontroller. Reads the gyroscope output on I/O pin2, pin3 and pin4 of the microcontroller and
computed the pulse width of the incoming pulse as a function of pulse width. Outputs the pulse width of
each incoming pulse (as number of clock ticks).
VAR
long stack[500]
long time
byte cog[3],T1,T2,T3
byte index
byte ID
long time1, time2, time3
OBJ
debug: "fullduplex"
PUB Main
index := 0
'Initializing COG index
stop(index)
'Method that turns off the COG with ID index
cog[index] := cognew(Squarewave(18_600,65_000,0,0), @stack[0])
'Passing a method that generates a square wave with
Ton
'= 60,000 clock ticks and Toff = 18,600 clock ticks on I/O
'pin 4
index++
'Increment index to shift to next cog
stop(cog[index])
'Stop the cog from functioning if its ON
cog[index]:= cognew(PWM, @stack[300]) 'Pass pulse width measurement method into next cog
index++
'Increment index to shift to next cog
stop(cog[index])
'Stop the cog from functioning if its ON
cog[index]:= cognew(PWM1, @stack[600]) 'Pass pulse width measurement method into next cog
index++
'Increment index to shift to next cog
stop(cog[index])
'Stop the cog from functioning if its ON
cog[index]:= cognew(PWM2, @stack[900]) 'Pass pulse width measurement method into next cog
index++
'Increment index to shift to next cog
stop(cog[index])
'Stop the cog from functioning if its ON
cog[index]:= cognew(printfunc,@stack[1200])
'Pass pulse width measurement method into next cog
PUB stop(cogno)
if cogno
cogstop(cogno)
PUB Squarewave(toff,ton,pin,t)

'Method to stop any cog that is already working
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dira[pin]~~
t+ = cnt
repeat
outa[pin] := 0
t+ = toff
waitcnt(t)
outa[pin] := 1
t+ = ton
waitcnt(t)

'Declare pin as output
'Declare t equal to the counter value

'Initial state of pin is set to be low
'Add the value of toff to t (Timekeeping application Pg.62
'in the manual)
'Wait until system counter CNT equals t
'Pull pin high
'Add value of ton to t (Timekeeping application Pg.62 in
'the manual)
'Keep the output high for Ton number of clock ticks

PUB PWM
ctra[30..26] := %01000
ctra[5..0] := 1
dira[1]~
frqa := 1
time1:= 0
T1~
repeat
repeat until ina[1]
phsa~
repeat while ina[1]
time1 := phsa
T1:=1
PUB PWM1
ctra[30..26] := %01000
ctra[5..0] := 2
dira[2]~
frqa := 1
time2:= 0
T2~
repeat
repeat until ina[2]
phsa~
repeat while ina[2]
time2 := phsa
T2:=1
PUB PWM2

'Set counter A of cog 1 for positive detector mode
'Assign I/O pin2 [P1] as an input in the counter register
'Set direction of I/O pin2 as input
'Increment phsa by 1 for every clock tick
'Initialize time to be zero

'Repeats the statement until input state of pin2 becomes
'a non zero value
'Start counter A once the input goes high by clearing the
'Phsa register
'Repeats the statement until input state of pin2 is low
'Time is the number of clock ticks for

'Set counter A of cog 2 for positive detector mode
'Assign I/O pin3 [P2] as an input in the counter register
'Set direction of I/O pin3 as input
'Increment phsa by 1 for every clock tick
'Initialize time to be zero

'Repeats the statement until input state of pin3 becomes a
'non zero value
'Start counter A once the input goes high by clearing the
'Phsa register
'Repeats the statement until input state of pin3 is low
'time is the number of clock ticks for
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ctra[30..26] := %01000
ctra[5..0] := 3
dira[3]~
frqa := 1
time3:= 0
repeat
repeat until ina[3]
phsa~
repeat while ina[3]
time3 := phsa
T3:=1

'Set counter A of cog 1 for positive detector mode
'Assign I/O pin5 [P5] as an input in the counter register
'Set direction of I/O pin 5 as input
'Increment phsa by 1 for every clock tick
'Initialize time to be zero

'Repeats the statement until input state of pin 5 becomes a
'Non zero value
'Start counter A once the input goes high by clearing the
'Phsa register
'Repeats the statement until input state of pin 5 is low
'time is the number of clock ticks for

PUB printfunc
debug.Start(31,30,0,9_600)

'Function to print pulse width's of each pulse
'Pass parameters (Rx pin, Tx pin, Mode, Buadrate) into
'object Start
'(Initializes the serial transmission protocol)
debug.Str(String(13,"con 00:1E:58:31:E9:72"))
cnt:=clkfreq
waitcnt(clkfreq*5+ cnt)
'Wait for 10 sec and proceed
repeat
if(T1==1)
repeat until (T1==1)
debug.Str(String(13,"A"))
cnt:=clkfreq
waitcnt(clkfreq/1000+ cnt)
debug.Dec(time1)
T1~
if(T2==1)
repeat until(T2==1)
debug.Str(String(13,"B"))
cnt:=clkfreq
waitcnt(clkfreq/1000+ cnt)
debug.Dec(time2)
T2~
if(T3==1)
repeat until(T3==1)
debug.Str(String(13,"C"))
cnt:=clkfreq
waitcnt(clkfreq/1000+ cnt)
debug.Dec(time3)
T3~

'Print value of counter A
'Wait for 0.001sec and proceed

'Print value of counter B
'Wait for 0.001sec and proceed

'Print value of counter C
'Wait for 0.001sec and proceed
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8.3

Matlab Code

8.3.1

Main serial.m

6/8/10 8:33 PM

C:\Documents and Settings\WSUadm\Desktop\GUI serial\main_serial.m

% main file for the Serial GUI connect
s1=serial('COM43');
pause(10);
global z;
global axxis;
global xaxis;
global s1;
global out1;
global outdev1;
serial_gui();
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8.3.2

Serial GUI.m

6/8/10 8:34 PM

C:\Documents and Settings\WSUadm\Desktop\GUI serial\serial_gui.m

function varargout = serial_gui(varargin)
% SERIAL_GUI M-file for serial_gui.fig
%
SERIAL_GUI, by itself, creates a new SERIAL_GUI or raises the existing
%
singleton*.
%
%
H = SERIAL_GUI returns the handle to a new SERIAL_GUI or the handle to
%
the existing singleton*.
%
%
SERIAL_GUI('CALLBACK',hObject,eventData,handles,...) calls the local
%
function named CALLBACK in SERIAL_GUI.M with the given input arguments.
%
%
SERIAL_GUI('Property','Value',...) creates a new SERIAL_GUI or raises the
%
existing singleton*. Starting from the left, property value pairs are
%
applied to the GUI before serial_gui_OpeningFcn gets called. An
%
unrecognized property name or invalid value makes property application
%
stop. All inputs are passed to serial_gui_OpeningFcn via varargin.
%
%
*See GUI Options on GUIDE's Tools menu. Choose "GUI allows only one
%
instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES
% Edit the above text to modify the response to help serial_gui
% Last Modified by GUIDE v2.5 08-May-2010 12:56:52
% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',
mfilename, ...
'gui_Singleton', gui_Singleton, ...
'gui_OpeningFcn', @serial_gui_OpeningFcn, ...
'gui_OutputFcn', @serial_gui_OutputFcn, ...
'gui_LayoutFcn', [] , ...
'gui_Callback',
[]);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT

% --- Executes just before serial_gui is made visible.
function serial_gui_OpeningFcn(hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFcn.
% hObject
handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)
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6/8/10 8:34 PM
% varargin

C:\Documents and Settings\WSUadm\Desktop\GUI serial\serial_gui.m

command line arguments to serial_gui (see VARARGIN)

% Choose default command line output for serial_gui
handles.output = hObject;
% Update handles structure
guidata(hObject, handles);
% UIWAIT makes serial_gui wait for user response (see UIRESUME)
% uiwait(handles.figure1);

% --- Outputs from this function are returned to the command line.
function varargout = serial_gui_OutputFcn(hObject, eventdata, handles)
% varargout cell array for returning output args (see VARARGOUT);
% hObject
handle to figure
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)
% Get default command line output from handles structure
varargout{1} = handles.output;

% --- Executes on button press in Com_connect.
function Com_connect_Callback(hObject, eventdata, handles)
% hObject
handle to Com_connect (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)
axes(handles.axes1);
grid on;
global c;
global s1;
global outdev1;
global
global
global
global
global
global
global

out1;
col;
t;
x;
axes1;
z;
axxis;

fopen(s1);
pause(10);
axes1=handles.axes1;
t=handles.blinkingdata;
col=get(t,'foregroundcolor');
set(t,'String','SYNCHRONIZING ');
for j=1:1:5
outdev1=fscanf(s1,'%d');
pause(0.4);
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6/8/10 8:34 PM

C:\Documents and Settings\WSUadm\Desktop\GUI serial\serial_gui.m

set(t,'foregroundcolor',1-col,'backgroundcolor',col);
col=1-col;
end
outdev1=zeros;
x=1;
set(t,'String','COLLECTING DATA');
c=timer;
set(c,'executionmode','fixedrate');
set(c,'period',1);
set(c,'timerfcn','collectdata( )');
executes
start(c);

% Start timer
% Set execution mode to fixed rate
% Timer should execute every 0.01sec
% Call function assigndata() when timer
% Start timer

% --- Executes on button press in COM_disconnect.
function COM_disconnect_Callback(hObject, eventdata, handles)
% hObject
handle to COM_disconnect (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)
global t;
global c;
global s1;

set(t,'String','DATA COLLECTION STOPPED');
stop(c);
% Stop timer C, stops data collection
fclose(s1);
% Close Serial COM port s1

% --- Executes on button press in Data_plot.
function Data_plot_Callback(hObject, eventdata, handles)
% hObject
handle to Data_plot (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)
global out1;
min = 1;
max = 70;
[m n]=size(out1);
for x=1:1:n
fout1([min:max],1)=out1(:,x);
min=min+70;
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6/8/10 8:34 PM

C:\Documents and Settings\WSUadm\Desktop\GUI serial\serial_gui.m

max=max+70;
end

min = 1;
max = 70;
l=length(fout1);
for x=1:1:l
xaxis(x,1)=x;
end
axes(handles.axes1);
plot(xaxis,fout1);
set(handles.axes1,'XLim',[0 l]);
set(handles.axes1,'YLim',[0 25000]);
grid on;
% add axis labels and plot title
xlabel('Number of pulses');
ylabel('Sensor output -> pulse width');
title('Wireless data acquisition system output');
% --- Executes on button press in Clear_Plot.
function Clear_Plot_Callback(hObject, eventdata, handles)
% hObject
handle to Clear_Plot (see GCBO)
% eventdata reserved - to be defined in a future version of MATLAB
% handles
structure with handles and user data (see GUIDATA)

axes(handles.axes1);
cla(handles.axes1,'reset');
set(handles.axes1,'XLim',[0 6000]);
set(handles.axes1,'YLim',[0 25000]);
xlabel('Number of pulses');
% add axis labels and plot title
ylabel('Sensor output -> pulse width');
title('Wireless data acquisition system output');
grid on;
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8.3.3

Collect data.m

6/8/10 8:33 PM

C:\Documents and Settings\WSUadm\Desktop\GUI serial\collectdata.m

function datacollect = collectdata( )
%UNTITLED Summary of this function goes here
global col;
global t;
global z;
global xaxis;
global s1;
global outdev1;
global out1;
global x;
global axes1;
axes(axes1);
set(t,'foregroundcolor',1-col,'backgroundcolor',col);
col=1-col;
outdev1=fscanf(s1,'%d');
pause(0.2);
l1=length(outdev1);
if l1>70
out1([1:70],x)=outdev1([2:71],1);
else
out1([1:70],x)=zeros;
end
z=70*x;
for j=1:1:z
xaxis(j,1)= j;
end
global axxis;
pause(.5);
plot(xaxis([(70*(x-1)+1):(70*x)],1),out1(:,x));
hold on;
grid on;
x=x+1;
hold on;
grid on;
end
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